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Liquid lithium
 experim

ents in C
D

X
-U

u
Liquid m

etal w
alls and divertors have been identified as a potentially

re
vo

lu
tio

n
a

ry so
lu

tio
n

 to
 th

e
 p

la
sm

a
-w

a
ll in

te
ra

ctio
n

 p
rob

le
m

.

u
In addition, a liquid m

etal w
all in close proxim

ity to the last closed flux
surface m

ay significantly enhance stability and perform
ance (L.

Z
a

kh
a

ro
v, M

. K
a

tse
n

re
u

th
e

r ).

–
L

o
w

/n
o

 re
cyclin

g
 e

d
g

e
.

»
A

dvantages dem
onstrated during the T

F
T

R
 pellet, effusion oven,

and D
O

LLO
P

 experim
ents.

–
H

igher allow
able κ, higher β - >

20%
 for conventional A

 (Z
akharov).

u
L

iq
u

id lith
iu

m
 offers the best synthesis of desirable properties.

–
B

ut n
o

 o
n

e w
ants to fill a P

oP
 or P

E
 level device w

ith liquid lithium
!

u
A

s a first step, the C
D

X
-U

 program
 has now

 been given over 
e

n
tire

ly to
the testing of liquid m

etal lim
iter, divertor and w

all concepts.

u
P

art of the A
LP

S
/A

P
E

X
 liquid divertor/w

alls initiative.



P
hysics and technology issues for liquid lithium

u
Lithium

 plasm
a fueling and core im

purity accum
ulation

.

–
T

em
perature rise during plasm

a operation w
ill ram

p evaporation rate.

u
P

lasm
a edge w

ith a very low
 recycling lim

iter.

u
F

ueling w
ith hydrogenics.

–
C

D
X

-U
 utilizes gas puffing; no core fueling at present.

u
C

onsequences of possible surface coatings form
ed in situ.

–
Lithium

 nitride layer m
ay form

 during introduction into vessel.

–
L

ith
iu

m
 d

e
u

te
rid

e su
rfa

ce
 m

a
y fo

rm
 d

urin
g

 p
la

sm
a

 o
p

e
ra

tio
n

.

»
LiD

 m
elts at 688 oC

 but is highly soluble in lithium
.

u
L

ith
iu

m
 h

a
n

d
lin

g
.

–
L

o
a

d
in

g
, p

u
rifica

tio
n

, p
a

cifica
tio

n
.



P
hysics and technology issues for liquid lithium

u
C

an lithium
 or any other liquid m

etal P
F

C
 be forced to behave during a

to
ka

m
a

k d
isch

a
rg

e
?

–
L

iq
u

id
 m

o
tio

n
 d

u
ring

 P
F

 co
il ra

m
p

s.

»
T

o
ro

id
a

l cu
rre

n
ts ca

n
 flo

w
 w

ith
in

 co
n

tin
u

ou
s lith

iu
m

 d
ive

rto
r

ta
rg

e
t.

»
M

ight affect position control or M
H

D
 stability (partial

co
n

d
u

ctin
g

 sh
e

ll).

–
M

otion during a V
D

E
.

–
H

alo current - induced j x B
 forces.

»
Lithium

 propulsion is not a research goal.

u
E

lectrom
agnetic restraint m

ay be necessary.



Liquid lithium
 tests in C

D
X

-U

u
S

ta
g

e
d

 a
p

p
ro

a
ch

:

–
Liquid lithium

 rail lim
iter w

ill be the first step.

»
D

esigned and fabricated at U
C

S
D

.

»
Lithium

 capillary (m
esh) system

.

u
T

oroidal liquid lithium
 belt lim

iter w
ill follow

.

–
P

P
P

L/S
andia/A

rgonne/U
C

S
D

 collaboration.

u
C

D
X

-U
 P

F
 system

 w
ill be augm

ented to allow
 single-null operation

w
ith strike points on the belt lim

iter system
.

u
F

uture tests:

–
F

low
ing lithium

.

–
P

artial w
all coverage.



C
D

X
-U

u
R

0  =
 34 cm

u
a =

 22 cm

u
 A

≡ R
0 /a ≥ 1.5

u
 κ ≤ 1.7

u
 δ > 0

.2

u
 B

t  ≤ 0.22 T
esla 

u
O

hm
ic Ip  ≤ 1

0
0

 kA

u
n

e (0) <
 5 × 10

13 cm
-3.

u
T

e  ~
 100 eV

u
P

a
u

xillia
ry  ≤ 300 kW

 (rf)

u
D

ischarge duration: 20-40 m
sec

T
F

 C
oil

S
haping coils

V
ertical

field
 coils

E
ddy current cancellation,

shaping coils 

N
ull form

ation coils (cap bank)

C
D

X
-U

 is a S
T

A
R

T
-scale

spherical torus.



D
ensity and tem

perature profiles from
 m

ultipoint
T

h
o

m
so

n
 sca

tte
rin

g
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C
D

X
-U

 typically operates w
ith peak 

densities in the m
id 10 13 cm

-3. P
rofiles

a
re

 h
ig

h
ly p

e
a

ke
d

.

T
em

perature profiles are flat to hollow
.

P
eak electron tem

peratures ~
 100 eV

(o
h

m
ic d

isch
a

rg
e

).



P
rim

ary diagnostic for lithium
 concentration in the

core plasm
a w

ill be the JH
U

 m
ultilayer m

irror array

m
ultilayer 

m
irror

absolute

photodiode

coaxial B
N

C
-B

N
C

feedthrough

sem
i-rigid

coax cable

U
S

X
R

 filter

and collim
ator

8" gate valve

q=1 q=2

W
avelength    M

irror     R
eflectivity

 
 R

esolution
 

 
 A

pplication exam
ple

range
 

 
 

 
                              (%

)
 

 
              (Å

)

12-30               W
/B

4C
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 O
 V

II-V
III, 

injected N
e IX

-X
30-45               T

i/C
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C
 V
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I
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i/C
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 V
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U
C

S
D

 lithium
 rail lim

iter

u
F

irst lithium
 system

 scheduled to be tested is now
 in final design at U

C
S

D
.

–
H

eated cylindrical rail lim
iter.

–
S

urface w
ill be a stainless steel m

esh w
et w

ith liquid lithiu
m

.

»
S

im
ilar to the T

-11M
 system

 (P
istunovich et al., J. N

ucl. M
ater.

1
9

9
7

, vo
l. 2

4
1

-2
4

3
, p

. 1
19

0
)

–
Lithium

 w
ill be resupplied from

 a heated reservoir.

–
P

rim
ary lim

iting surface for the discharge.

u
T

he porting on one toroidal sector of C
D

X
-U

 w
ill be rew

orked to
accom

m
odate the liquid lithium

 lim
iter (“L3”) and the associated

d
ia

g
n

o
stics.

u
Installation expected in M

ay.



D
esign of the liquid lithium

 rail lim
iter

U
C

S
D

/P
IS

C
E

S
 - R

. D
o

e
rn

e
r, L

. C
h

o
u

sa
l, S

. L
u

ckh
a

rd
t

u
Lithium

 rail “head” can be retracted throug
h

an airlock assem
bly, serviced.

u
Lithium

/m
esh system

 independently heated.

–
∆

T
 from

 a single C
D

X
 shot ~

 1
0

0 oC
;

insufficient to m
elt room

-tem
perature

lith
iu

m
.

L
3

 a
sse

m
b

ly m
ou

n
te

d
on C

D
X

-U



F
u

ll to
ro

id
a

l lith
iu

m
 lim

ite
r ta

rg
e

t w
ill b

e
 in

sta
lle

d
follow

ing the L3 experim
ents

u
P

relim
inary design calls for a 10 cm

 w
ide tray.

–
W

et m
esh and shallow

 “pool” designs under study.

–
S

ilicone cooled shroud w
ill protect the center stack, low

er vacuum
vessel.

–
L

ith
iu

m
 w

ill b
e

 lo
a

d
e

d
 in

to
 the

 tro
u

g
h

 u
n

d
e

r va
cu

u
m

 a
n

d
 m

e
lte

d
.

u
S

ubsequent installations w
ill utilize larger in-vessel lithium

 inventories.

–
F

ill/drain system
s to replace lithium

 w
ithout venting.

–
E

lectrom
agnetic restraint to prevent “splashing”.

graphite

 M
elt layer m

ovem
ent

of L
ithium

SS
backplate

J x B
 forces on liquid lithium

during X
-point strike readily 

eject lithium
 from

 D
III-D

 D
iM

E
S

 probe
(D

. W
hyte, R

. D
oerner, S

. S
eradarian)



T
oroidal liquid lithium

 divertor concept for C
D

X
-U

u
L

ith
iu

m
 d

ive
rto

r tra
y a

n
d

shroud installed

u
P

u
m

p
d

o
w

n

u
T

ra
y d

isch
a

rg
e

 cle
a

n
e

d

u
Load lithium

 into tray
u

n
d

e
r va

cu
u

m

u
M

elt lithium
 (>

300 OC
)

u
P

e
rio

d
ica

lly d
isch

a
rg

e
clean lithium

 surface

Li
Li

Li
Li

S
egm

ented
stainless steel
tray (heated)

T
oroidal liquid

lithium
 divertor

target

C
ooled 

shroud



S
um

m
ary

u
C

D
X

-U
 is pursuing an innovative 

w
a

ll concept.

–
E

xperim
ental tests to follow

 prom
ising

studies by A
LP

S
, A

P
E

X
 groups, other

researchers (L. Z
akharov, M

.
K

atsenreuther), T
11-M

.

u
H

igher pow
er loading m

ay be feasible in a
reactor w

ith liquid m
etal w

alls.

u
S

tability lim
its m

ay be significantly enhanced
w

ith a nearby, fast m
oving conductor for a w

all.

u
Low

 recycling w
alls have greatly im

proved
perform

ance in large devices.

–
W

all conditioning (gettering!) enhances
perform

ance in sm
aller devices.

u
Liquid m

etal w
alls are applicable in theory to a

w
ide range of fusion concepts.

A
P

E
X

 concept
for N

S
T

X
 (U

C
LA

)


